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1. Introduction 
The decreasing of fossil fuel reserve in Indonesia and the global warming impact of its emission 
accumulation have driven energy system transition to renewable energy sources. On the other hand, larger 
portion of rural or remote area society has no access to electricity yet, so it is desirable that they should be 
able to produce electricity by themselves to fulfill their electricity requirement. Biomass and its waste are 
energy sources with the high availability during the year (  85%/year) T.H. Soerawidjaja 2010 , and 
some of that are shown in Table 1. 
Corn cob biomass solid waste potency in Indonesia is not greater than other biomass solid waste in 
Table 1, but biomass solid waste potencies in Indonesia are different for every region. In the region that 
has wide corn farm area, this corn cob potency is suitable to be utilized as low temperature heat source 
from corn cob burning as is commonly done by rural society. 
Thermal electricity generation usually uses conventional Rankine cycle with water as the working fluid 
at high temperature. However, the low temperature of corn cob burning will give a very low total 
efficiency with water or steam as the working fluid. Therefore it should be chose organic compounds with 
boiling point under low temperature (less than 100oC) as the working fluid. This is known as Organic 
Rankine Cycle (ORC). 
Many examples of ORC commercial plant with biomass that utilized as their fuel are working in 
central Europe like Stadtwarme Lienz Austria 1000 kWel, Sauerlach Bavaria 700 kWel, Toblach South 
Tyrol 1100 kWel, Fussach Austria 1500 kWel [14]. Usually they use forest and industrial wood chips as 
their biomass fuel. 
This paper discusses about the electricity generation preliminary design of ORC system with corn cob 
solid waste burning as heat source, so it can be obtained the theoretic corn farm area requirement, 
electricity power, and thermal efficiency at heat source temperature and flow rate variations. 
 
Table 1. The examples of biomass solid waste potencies in Indonesia 
Biomass solid waste Production estimation (ton/year) Heating value (MJ/kg) 
Coconut husk 14,322,000 a 16.7 [2] 
Coconut shell 9,548,000 b 18.2 [2] 
Rice straw 77,468,000 c 15.3 [3] 
Rice husk 14,466,000 d 17.5 [3] 
Oil palm empty fruit bunch 21,435,000 e 17.1 [4] 
Corn cob 3,864,692 f 18.9 [5] 
 
a Coconut production (piece/year) [6] x coconut average weight (kg/piece) [7] x coconut husk dry weight proportion (%) [6] 
b Coconut production (piece/year) [6] x coconut average weight (kg/piece) [7] x coconut shell dry weight proportion (%) [6] 
c Total rice farm area (hectare) [8] x rice straw production (ton/hectare/harvest) [9] x rice harvest index (harvest/year) [10] 
d Rice husk weight proportion from dry unhulled rice (%) [11] x dry unhulled rice production (ton/year) [8] 
e Crude palm oil (CPO) and empty fruit bunch weight proportion from palm fruit bunch [12] x CPO production (ton/year) [8]  
f Corn cob solid waste productivity (ton/hectare) [13] x total corn farm area (hectare/year) [8] 
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2. Design method 
2.1. Working fluid determination 
The physical properties of the working fluid are the important key and influence the whole behavior of 
ORC [15]. An ideal working fluid characteristic is as follows:  
 Heat capacity of the liquid phase should be small,  
 Critical point above the highest operating temperature,  
 Vapor pressure at the highest operating temperature moderate,  
 Vapor pressure at the condensing temperature above atmospheric pressure,  
 Specific volume of the vapor at state 4 (fig. 1) should be small,  
 Saturated vapor line (follows 3-4 in fig. 1) should be vertical,  
 Fluid should have a high molecular weight for low-power turbine applications,  
 Fluid should be liquid at atmospheric pressure and temperature,  
 Freezing point lower than the lowest ambient operating temperature,  
 Fluid should have good heat-transfer properties, be inexpensive, thermally stable at the highest 
operating temperature, nonflammable, noncorrosive, nontoxic, and  
 Working fluid should have zero value of ozone depleting potential (odp) and global warming potential 
(gwp) for environment consideration [16]. 
Based on some review of literature, it is selected R141b as one of the organic compound that its 
physical properties in Table 2, closed on the characteristic requirements to be used as working fluid in 
ORC system with corn cob burning as the heat source. 
2.2. Operation condition determination 
The heating fluid in this system is palm oil that be heated in boiler with corn cob as the fuel, and the 
cooling fluid is water. The independent variables in this study are temperature of heating fluid (110, 120, 
and 130oC), and flow rate of heating fluid (100, 150, 200 liter/minute). The design is calculated from the 
step of ORC process that is described in temperature-entropy diagram at Fig. 2 and in corn cob burning 
ORC system design scheme at Fig. 3. 
 
 
 
Fig. 1. Ideal Rankine cycle [16] 
 Nur Rohmah et al. /  Energy Procedia  32 ( 2013 )  200 – 208 203
Table 2. R141b characteristics 
Refrigerant Name R141b*) [17][18] 
Chemical name 1,1-dichloro-1-fluoroethane 
Chemical formula C2H3Cl2F 
Molecular mass (g/mol) 116.95 
Normal boiling point (oC) 32 
Critical temperature (oC) 204.2 
Critical pressure (bar) 42.5 
ODPa 0.086 
GWPb 700 
Hazard Rating c : 
Health 
Flammability 
Reactivity 
 
2 
1 
0 
 
*) It can’t be used per January 1st, 2030 (based on Montreal Protocol); 
a Relative to R11; b Relative to CO2 (100 y time horizon); 
c Hazard rating: 0= minimal, 1= slight, 2= moderate, 3= serious, 4= severe 
 
 
Fig. 2. ORC temperature-entropy diagram 
The ORC system steps in Fig. 2 are compression (1-2), vaporization (2-3), expansion (3-4), and 
condensation (4-1). The ideal Rankine cycle (reversible) is described in 1-2s-3-4s-1, and 1-2-3-4-1 is the 
real Rankine cycle (irreversible). The operation conditions are assumed to be steady state, working fluid 
pressure through condenser and evaporator are considered to be constant, working fluid enters turbine at 
saturated vapor phase, working fluid enters pump at saturated liquid phase, kinetic and potential energy 
are negligible, and the heat losses are also negligible. It is determined that the pump inlet working fluid 
temperature is 35oC at saturated liquid phase. Both of turbine and pump efficiency are set at 0.75. 
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Fig. 3. Corn cob burning ORC system design scheme 
2.3. Calculation 
Analysis is started with evaporator heat capacity calculation. It is calculated by using the following 
equation [19] 
 (1) 
Energy balance at evaporator is [20] 
  (2) 
So,  
 (3) 
Qin is evaporator capacity (kW);  is hot palm oil flow rate (kg/s); Cppalm oil is palm oil specific 
heat (kJ/kg K); Tpalm oil in is evaporator inlet palm oil temperature (oC); Tpalm oil out is evaporator outlet palm 
oil temperature (oC);  is refrigerant mass flow rate (kg/s); h2 is enthalpy at condition 2 in Fig. 2 
(kJ/kg) and h3 is enthalpy at condition 3 in Fig. 2 (kJ/kg). 
Energy balance at pump is 
  (4) 
Wp is pump power (kW); v1 is specific volume at condition 1 in Fig. 2 (m3/kg); P1 is pressure at 
condition 1 in Fig. 2; P2 is pressure at condition 2 in Fig. 2; h1 is enthalpy at condition 1 in Fig. 2 (kJ/kg) 
and p is pump isentropic efficiency. 
Turbine energy balance equation is 
  (5) 
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 is refrigerant mass flow rate (kg/s);  is refrigerant isentropic mass flow rate (kg/s); WT is turbine 
power (kW); WTs is isentropic turbine power (kW); h4 is enthalpy at condition 4 in Fig. 2 (kJ/kg); h4s is 
enthalpy at condition 4 in Fig. 2 (kJ/kg) and  is turbine isentropic efficiency. 
Energy balance at condenser is 
  (6) 
So, 
  (7) 
Qout is condenser capacity (kW). And ORC system thermal efficiency is 
  (8) 
th is system thermal efficiency. 
This study also calculates the theoretic corn farm area requirement to produce corn cob solid waste for 
electricity generation during the year. It can be calculated as the following equation. 
  (9) 
  (10) 
Qin is evaporator capacity (kW); corn cob heating value is 18.9 MJ/kg [5]; corn cob solid waste 
productivity is 1 ton/hectare [13]. The calculation assumption the heat losses are also negligible. 
3. Result and discussion 
The design result in Table 3 shows that the turbine power is more increased at higher heat source 
temperature and flow rate. The highest theoretic turbine power and thermal efficiency are 8.5 kW and 
10.3% at the highest heat source temperature and flow rate variation (130oC and 200 liter/minute).  
As the result in Table 3, the low value of corn cob burning temperature give a low theoretic thermal 
efficiency, whereas this thermal efficiency in the real application lower than that. However, the theoretic 
turbine power is in the range of 3.5 to 8.5 kW, so it shows that corn cob biomass waste is potential to be 
utilized in electricity generation for corn farm area. The corn farm area requirement in Table 3 is also 
possible to be utilized, because that is in the range of 49.5 to 101.1 hectare/year. As a comparison, Table 4 
give the data of corn farm area and corn farmer number in each village at Randublatung subdistrict, Blora 
regency, Central Java [21]. 
A comparison between theoretic corn farm area requirement in Table 3 and real corn farm area 
availability in Table 4, give a good result that the farm area requirement can be considered for application, 
because the real farm area in one village is larger than the theoretic, so it is easier to collect the corn cob 
waste. 
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Table 3. Design result 
Tpalm oil (°C) 
Palm oil mass 
flow rate 
[ ] 
(L/minute) 
Evaporator 
capacity 
[Qin] (kW) 
Corn cob mass flow rate 
[ ] Corn farm area 
requirement 
(hectare/year) 
R141b 
(kg/hour) (ton/year) Wturbine (kW) 
th 
(%) 
110 
100 
150 
200 
29.7 
44.5 
59.4 
5.7 
8.5 
11.3 
49.5 
74.3 
99.1 
49.5 
74.3 
99.1 
3.5 
5.2 
6.9 
9.2 
120 
100 
150 
200 
30 
45 
60 
5.7 
8.6 
11.4 
50 
75 
100 
50 
75 
100 
3.9 
5.8 
7.8 
9.9 
130 
100 
150 
200 
30.3 
45.4 
60.6 
5.8 
8.7 
11.5 
50.5 
75.8 
101.1 
50.5 
75.8 
101.1 
4.3 
6.4 
8.5 
10.3 
 
Table 4. Location, farm area and farmer number in Randublatung subdistrict, Blora regency, Central Java, at 2006 
Location/village Area (hectare) Farmer number 
Randublatung 184 248 
Bekutuk 893 1,937 
Wulung 950 2,054 
Tanggel 590 1,512 
Ngliron 350 724 
Kalisari 210 365 
Kadengan 460 1,040 
Sumberejo 909 1,972 
Kutukan 945 2,016 
Kediren 315 881 
Temulus 310 874 
Pilang 680 1,475 
Bodeh 135 214 
Tlogotuwung 137 218 
Gembyungan 185 294 
Sambongwangan 340 722 
Plosorejo 440 981 
Jeruk 880 1,658 
Total 8,913 11,668 
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4. Conclusion 
Corn cob is one of biomass solid waste which is still under-utilized. However, this potency can be 
utilized as low temperature heat source in ORC system to generate electricity. This paper has shown that 
the highest theoretic turbine power, thermal efficiency, and corn farm area requirement are respectively, 
8.5 kW, 10.3%, and 101.1 hectare/year. All of these highest results are obtained at the highest value of 
temperature and flow rate, 130oC and 200 liter/minute. The result of this theoretic ORC preliminary 
design with corn cob burning as heat source give a good consideration that this system is potential to be 
applied for rural society that live in some regions which have wide corn farm areas, 
particularly for some areas that have been studied in Randublatung, Blora. 
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